The seasonal uptake of phosphorus, potassium, calcium and magnesium as well as their distribution in the vine were determined for Chenin blanc/99R vines grown in sand culture under South African climatic conditions.
Phosphorus absorption showed two distinct peaks-the first ranging from after bud burst until veraison, and the second, less prominent, from about five weeks after harvest into the leaf fall period. Potassium was absorbed from about three weeks after bud burst until four to five weeks after harvest. No potassium was absorbed during leaf fall. Active absorption of calcium started after bud burst and continued until veraison. A second, less pronounced absorption period occurred during the six weeks before leaf fall. Similarly, absorption of magnesium started after bud burst and continued until veraison, after which the absorption rate decreased and ceased with the onset of leaf fall.
A significant amount of the phosphorus and potassium absorbed during the post harvest period was retained in the permanent parts of the vine. However, most of the post harvest calcium and magnesium gains were lost through leaf fall. Most of the calcium retained by the permanent parts of the vine, was stored in the bark.
There was an apparent translocation of potassium from the leaves to the permanent structure of the vine during leaf fall. This was not noticeable for any of the other three nutrients.
Over the past 50 years a vast amount of research concerning grape nutrition was done, as reviewed inter alia by Cook (1966) and Champagnol (1978) . Nitrogen (N) received most attention, probably because the vine responds more readily to applications of this element. However, the importance of the other four major macroelements, i.e. phosphorus (P), potassium (K), calcium (Ca) and magnesium (Mg), for healthy and productive vines cannot be ignored.
Although the vine generally fails to respond to P applications (Winkler et al., 1974) there are indications that response to N is enhanced by the addition of P. Bergman et al. (1960) found that P deficiency in sand cultures caused less linear growth and reduced the accumulation of dry material. P is also needed by yeast during must fermentation (Markham & Byrne, 1967) .
K applications resulted in increased grape yields in France (Champagnol, 1978) , but this was not as noticeable in California (Winkler et al., 1974) . On the other hand, excessive K may negatively influence red wine quality by affecting the pH (Somers, 1975) , and could also induce Mg deficiencies (Champagnol, 1978) .
Calcium is usually regarded as a soil ameliorant by reducing acidity and improving water penetration in soils of high sodium content (Winkler et al., 1974) . Although Ca deficiencies are rarely observed in vineyards, it is known that Ca plays an important part in the nutrition of plants (Sprague, 1964) . When considering the highly leached soils with low cation exchange capacity which predominate in the coastal regions of South Africa, this element deserves more attention.
Mg deficiencies are often encountered in Europe (Delas, 1968; Eggenberger et al., 1975) , and is also known in South Africa (Beyers & Terblanche, 1971) . More intensive research into the uptake of this element is, therefore, necessary.
The optimum time for the application of the respective nutrients, especially those susceptible to rapid leaching from the soil, will be strongly affected by their seasonal absorption patterns, i.e. the periods during which the vine shows peak demand for specific elements. As previously reported (Conradie, 1980) , seasonal absorption patterns have been determined in many countries but no quantitative data exist for warm countries like South Africa, where very active root growth takes place during the long period between harvest and leaf fall.
In order to establish the seasonal uptake, as well as the distribution of nutrients in vines grown under the climatic conditions of the wine areas of the Western Cape, nutritional studies were carried out in sand culture using the most widely planted scion/rootstock combination, i.e. Chenin blanc/99R, as test plants. This report deals with P, K, Ca and Mg. The general growth and N-uptake patterns of vines have been described previously by Conradie (1980) .
MATERIALS AND METHODS
Chenin blanc vines grafted on 99R and grown in sand culture were used as test plants. Using eight vines for each set of determinations, whole vines were taken 14 S. Afr. J. Enol. Vitic., Vol. 2. No. 1. 1981 times in the course of their third growing season and were separated into the various organs and analysed. Details concerning the experimental layout, care and sampling of the vines have been described previously (Conradie, 1980) . dard OVRI automated colorimetric method. Results were subjected to statistical analyses (Snedecor & Cochran, 1967) to test the significance of differences in element concentrations between sampling dates.
All samples (excluding grape juice) were prepared for analysis by dry ashing for four hours at 500 °C. Juice was ashed according to the technique of Eschenbruch & Kleynhans (1974) . In all cases the ash was finally dissolved in IN HCL, and the K, Ca and Mg concentrations were determined by means of atomic absorption spectrophotometry. P was determined by means of the stan-
RESULTS AND DISCUSSION
Phosphorus: The seasonal uptake and distribution of P in vines are given in Table 1 and summarized in Figure 1. (In this and all subsequent tables "Trunk" includes the rootstock and one to three year old scion wood, i.e. all permanent parts of the vine, excluding roots). During the 27 days preceding bud burst no significant change occurred in the total P content of the vine, and the roots contained 82,1 % of the P present in the vine. Active absorption of P appeared to start during the 22 days following bud burst, and the P reserves in the roots played a noticeable role in supplying P to the new shoot growth. During the next 109 days until veraison, P absorption increased rapidly, and the contribution of P reserves from the roots was less noticeable, there was even evidence of P storage in the roots during the 35 days preceding veraison. Although the P content of the vine as a whole remained virtually constant between veraison and harvest, the P content in the bunches increased, seemingly as a result of translocation from the leaves, which showed a loss in P content. At harvest the distribution of P in the vine was as follows: trunk 5,4%, roots 19,2%, shoots 13,9%, leaves 27,3% and bunches 34,1 %.
During the 33 days following harvest, P absorption resumed, and especially the roots showed large gains. The rate of absorption increased during the 44 days preceding leaf fall. Gains in P were found in the leaves, roots, shoots and trunk. During the period of leaf fall the vines were still gaining P, but the leaves now acted as a sink, as was also found for N (Conradie, 1980) . This caused a significant decrease in the P content of the shoots. Ultimately, vines lost about 31 % of the P absorbed during the season through leaf fall. No significant changes in P content occurred during dormancy. After pruning at the end of one year, the roots again contained 81,1 % of the P present in the vine, which compares well with the 82,1 % of the previous year. In total, 1 875 mg P were absorbed per vine during the growing season, of which 641 mg were removed by the crop, and 266 mg retained by the permanent parts and roots.
Although Fig. 1 also shows two distinct P absorption periods, viz. between budding and veraison, and again from about five weeks after harvest until leaf fall, the post harvest absorption peak was not as pronounced as was found for N by Conradie (1980) . Compared to this, Lafon et al. (1965) only found a steady increase in the seasonal P content of the vine, while Hiroyasu (1961) reported a maximum rate of P absorption from May to July. (This probably corresponds with the stage from flowering to veraison.) Potassium: The seasonal absorption and distribution of K by the vine are given in Table 2 and summarized in Figure 2 . Like P, the K content of the vine was not affected significantly during the 22 days following bud burst. The significant amount of K accumulated by the new growth seemed to have been mostly supplied by the roots. During the next 74 days until the end of rapid shoot elongation, the rate of K uptake increased significantly and (as in the case of P) the gain in K by the vine as a whole, was mainly due to the requirements of the new growth, whereas only a small amount of K was stored in the permanent parts of the vine. From this stage until veraison (35 days), the bunches accumulated 2 117 mg K,-slightly more than the total amount gained by the vine (2 092 mg). A slight decrease in K content of the leaves was observed. The vine absorbed 49% of the yearly requirement of K during the 64 days ranging from the end of bloom to veraison.
During the 35 day period between veraison and harvest the rate of K uptake decreased sharply in spite of the fact that the K content of the bunches was increasing steadily. Eventually, the bunches accumulated 1 436 mg K, an amount partially supplied by the leaves, shoots and roots. On the other hand, Levy, et al. (1972) found no translocation of K during the pre-harvest period in vines with a high K content. However, Lafon et al. (1965) also observed appreciable translocations from shoots and leaves. At harvest the grapes contained 66,1 % of the total amount of K in the vine. The remainder was found in the trunk (4,7% ), roots (6,9% ), shoots (11,7%) and leaves (10,7% ).
During the 33 days following harvest, sharp and significant increases in the K contents of all organs of the vine occurred, but in contrast to N and P, no K was absorbed during the rest of the post harvest period. A relatively small amount of K (13 ,6%) was lost during the leaf fall period. Per vine as a whole 7 937 mg K were absorbed during the season, of which 5 147 mg were required by the crop and 488 mg were retained in the permanent parts. The absorption pattern for K (Fig. 2) shows a steady accumulation of this nutrient, except for a decrease in the rate of uptake just before harvest, and the results are comparable with reports of two absorption peaks, one at the start and the other at the end of grape development, respectively (Amirdzanov, 1970) .
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In an experiment with single node cuttings in sand culture Obbink, Alexander & Possingham (1973) found that little of the reserve K was utilized during growth. However, in this study with more mature vines, K reserves were used to a large extent. Calcium: The seasonal uptake and distribution of Ca by the vine is given in Table 3 and summarized in Figure 3 . The bark was found to be an important tissue in this connection, and is, therefore, indicated separately. An insignificant amount of Ca was absorbed during the 22 days after bud burst. The increase of Ca in the new growth was accompanied by a loss in the roots. During this period the Ca-content of the bark doubled, with the result that the bark contained nearly twice as much Ca as the adjacent woody tissues. During the next 45 days the Ca-content of the vine increased. This was accompanied by a further increase in the Ca-content of the bark, while the roots showed a decrease.
From the end of bloom to veraison 2 398 mg Ca (nearly half of the total for the year) were absorbed. In contrast to N, P and K, the bunches required no Ca between veraison and harvest, and Ca was stored mainly in the leaves. The bark on the trunk now contained three times as much Ca as the woody tissue. At harvest the bunches contained a relatively small part of the Ca (7,7%), whereas the leaves contained the major portion (46,4%) and the rest was distributed between the roots (19,8%), shoots with accompanying bark (16,7%), and the trunk with accompanying bark (9,4% ). During the 33 days following harvest changes in total Ca-content were insignificant, but this was followed by a significant increase during the 44 days preceding leaf fall. During the period of active leaf fall, the Ca uptake was again insignificant but, as in the case of N and P, the Ca-content of the leaves increased significantly and was accompanied by a significant decrease in the Ca-content of the shoots. As a result of leaf fall the vine lost 54,0% of its total Ca-content. During the season a vine absorbed 5 242 mg Ca, of which 442 mg were removed by the crop. Only 370 mg were stored in the permanent parts, of which 228 mg were found in the bark. Fig. 3 shows active Ca-absorption about three weeks after bud burst which continued up to veraison. A second less prominent increase occurred during the six weeks before leaf fall. But Hiroyasu (1961) and Lafon et al. (1965) found only gradual accumulation of Ca from May to September (this would probably correspond with the stage from flowering to harvest). Seasonal accumulation of calcium in a Chenin blanc/99R vine grown in sand culture. Magnesium: The seasonal uptake and distribution of Mg by the vine is given in Table 4 and summarized in Figure  4 . As for Ca the contribution of the bark is shown separately. Like the other nutrients, the Mg-content of the vine did not change significantly during the 27 days before or the 22 days following bud burst. The Mgabsorption rate increased during the 45 days until the end of bloom, and a significant 300 mg were absorbed-most of which was required by the new growth, while the roots showed a loss. Unlike Ca, the Mg-content of the bark remained relatively constant. From the end of bloom until veraison the rate of absorption increased further' and 43% of the yearly requirements for Mg accumulated. Seasonal accumulation of magnesium in a Chenin blanc/99R vine grown in sand culture. The bunches accumulated only 184 mg of the 674 mg gained during this period, resulting in increased Mg reserves in the roots, shoots and leaves. During the remaining 35 days prior to harvest, a less marked though still significant Mg uptake occurred and, as in the case of Ca, the bunches accumulated only a small amount of Mg, the rest being translocated mainly to the shoots and leaves. At harvest the bunches contained 15,4% of the total amount of Mg, whereas the leaves accounted for the major portion (36,8% ). The rest of the Mg was distributed between the roots (15,1 % ), shoots with corresponding bark (26,2%) and trunk with bark (6,4% ).
During the 33 days immediately following harvest, a significant amount of Mg was absorbed. Most of this accumulated in the roots and shoots, and the woody parts of the trunk also showed gains. During the 44 day period preceding start of leaf fall, a further significant amount of Mg was absorbed. Most of this accumulated in the roots and leaves. During active leaf fall no Mg was absorbed, but as in the case of Ca, the leaves gained a significant amount of Mg at the expense of the shoots. Due to leaf fall the vine lost 44,3% of the total amount of Mg absorbed over the season. No significant changes occurred throughout the dormant period. During the season a vine absorbed 1 568 mg, of which 234 mg were removed by the crop, 195 mg remained in the permanent parts, of which only 26 mg were contained in the bark.
From Fig. 4 it appears as if, in contrast to N, P, K and Ca, Mg has only one continuous absorption period. This accords well with the results reported by Hiroyasu (1961) and Lafon et al. (1965) .
SUMMARY AND CONCLUSIONS
Under the conditions of this experiment the absorption patterns of P and K differed appreciably. In both cases active absorption started about three weeks after bud burst, but in the case of P, absorption stopped at veraison, while a second peak period occurred from about five weeks after harvest until leaf fall. The same pattern was found for N (Conradie, 1980) . K absorption did not stop at harvest, although the rate did slow down, and active absorption continued immediately after harvest. No absorption occurred during leaf fall. The absorption pattern for Mg was comparable to that of K, in that absorption started at the same time, continued at a fairly even rate and stopped before the onset of leaf fall.
Very active Ca absorption occurred from after bud burst until veraison, followed by a decreased rate which lasted to the end of leaf fall. During leaf fall K was apparently translocated from the leaves to the permanent parts of the vine. This may be ascribed to the highly mobile nature of the K-ion (Salsac, 1977) , as none of the other elements showed this phenomenon.
Although the amounts of P, K, Ca and Mg accumulated during the post harvest period were less than that for N (Conradie, 1980) they still constitute important fractions of the seasonal totals and amounted to 28,1 %, 15,3%, 21,5% and 22,6% for P, K, Ca and Mg respectively. No new vegetative growth occurred during the post harvest period, and most of the gains in P and K during this period were translocated to the permanent parts, especially the roots. However, with regard to Ca and Mg Tables 3 and 4 indicate that most of the nutrients absorbed after harvest were lost through leaf fall. For Ca the post harvest gain was 1 128 mg, whereas 970 mg (86,0%) were lost during leaf fall. (The figure of 970 mg was obtained by subtracting the Ca content of the leaves at harvest from that at leaf fall.) Similarly 287 mg (81,0%) of the post harvest gain in Mg (354 mg) were lost through leaf fall. The bark played an important role as far as Ca was concerned, and more than 60% of the Ca gained by the permanent parts was contained in the bark. This was to be expected (Greulach, 1973) and points to the immobility of Ca (most of the Ca was probably in insoluble form).
Under the local climatic conditions the post harvest period has thus proved to be of great importance for the accumulation of reserves of P and K but of less significance in the case of Ca and Mg.
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